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SUMMARY

The objectives of this program were the establishment of adequate technology
background to apply continuous seam diffusion bonding to fabricate helicopter main
rotor blade spars from sheet material. The study was performed with 30 x 4 inch
panels and was directed to: (1) identification of the cause of and solutions to the
occurrence of flat fracture; (2) a parametric study to determine the degree of control
required to achieve high quality diffusion bonded joints; (3) determination of the
tolerance of the process for fit-up, material preparation and contaminants; and (4)
identification of methods to repair defective joints. In addition, applicability of
various nondestructive inspection techniques was evaluated,

The results showed a wide range of bonding parameters over which parent metal
properties were obtained as indicated by: 5T bend tests in each direction; tensile
tests; and resonant fatigue tests, Current could be varied six percent, speed by

30 percent and force by 18 percent without loss of properties, Failure in bend tests
at the joint under a 5T bend occurred beyond these limits but was not accompanied
initially by loss of tensile or fatigue strength.

The most damaging nonstandard conditions in bonding were: presence of nylon or
cotton in butted material; heavy grease and fingerprints; and steel foil. Contaminated
etching acids, preoxidation of sheets at 800° F, tap water rinse, molybdenum foil
entrapment, grinding wheel dust and many other conditions did not affect tensile
strength, Only the first two resulted in joint failures in 5T bend tests., Differences
of sheet metal thickness and other geometrical variables within a reasonable range of
conditions did not affect joint properties, Deliberate offset of the 0,125 inch thick
sheets by 0.040 inch shims did not affect joint strength or bend ductil ity.

Substandard bonding conditions leading to joint failure resulted in increasing
percentages of "flat" fracture following the original sheet edges., Joints showing no
loss of mechanical properties fractured with the dimpled structure characteristic of
ductile fractures, The scale of the dimpling became finer as joint quality decreased,
and only in one or two severely contaminated cases did the dimpling disappear over
small areas nroviding evidence of nonductile fracture. The scale of dimpling was as
small as 400;‘; for badly contaminated conditions, The origin of the dimples could
not be identified as a pore or inclusion in any case,

Preliminary work showed that certain repair procedures were feasible and that
acoustic emission appeared promising as a nondestructive evaluation technique,

Recommendations are made on application of these results to manufacture of spars.
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INTRODUCTION AND BACKGROUND

The Army Materials and Mechanics Research Center Report (TR74-37), '"Continuous
Seam Diffusion Bond Titanium Spar Evaluation'' of April 1974, describes previous
work on this subject, This report by M,J. Bonassar and John J. Lucas of Sikorsky
Aircraft points out that '"the titanium spar rotor blade provides a significant increase
in helicopter performance, but a low cost fabrication method such as continuous
seam diffusion bonding is needed for production.' This conclusion was based on
fabrication of test panels and three nine-foot spar sections at Solar, followed by
mechanical testing, The fatigue testing of the spars showed ''fatigue strength
characteristics as good as, or better than, present fusion welded main rotor blade
spar specimens," Further evaluation was recommended,

The continuous seam diffusion bonding, or CSDB, process was developed at Solar
as a production method in 1971/1972. The first application was to Hastelloy X
T-sections supporting the low pressure turbine seals in the General Electric CF6
engines used on the DC-10 airliner. However, a change in policy at the Solar
Division of International Harvester in 1972 led to the decision to cease manufacture
of aerospace subcomponents and concentrate on turbomachinery products. Some of
the drive to achieve wider production application of the process was lost at this
point, although production manufacture of this component is continuing successfully
at the Heintz Division of Kelsey Hayes Company under license. The Research
Department at Solar has maintained a capability for performing this process for
evaluation, and, at the same time, is extending the technology to new applications in
isothermal shape rolling, ring rolling, roll forging, and other processes, The test
panels and spars discussed in Report TR74~37 were made in the Solar Research
Laboratories.

Figure 1 shows manufacture of the first set of these spars, The success achieved on
these spars led to a decision by the U.S. Army to initiate a program through
Sikorsky Aircraft to establish a manufacturing capability to make spars by CSDB.
Prior to the start of this manufacturing development program, it was recognized
that several other technical problems remained that would require solutions before
the CSDB process would be accepted as a manufacturing process for the critical
joints in a helicopter rotor spar, The most important problems identified in this
regard were:

. Understanding of and solutions to the flat fractures that occurred in
some tensile and fatigue tests,




Figure 1, Fabrication of 9 foot spar by CSDB,

. Parametric study to establish optimum CSDB parameters and the
controls required on each of the principal parameters, The method is
based on electrical resistance heating by refractory metal roll electrodes
that allow forging pressures to be exerted on the parts being joined.

. Determination of the tolerance of the process for joint variables including
fit-up, material preparation and contaminants,

. Identification and establishment of methods to repair diffusion bonded
joints,

. Establish NDI methods for diffusion bonded spars.,

The present program was initiated to provide answers to the first three problems by
work with flat panels. It was recognized that some additional work would be required
to adapt the results to actual spars. Only identification of repair methods (Problem
No. 4) could be included in the program because more extensive work on actual spars
would be required to qualify a repair method for flight hardware, It was not planned
to perform work on production NDI methods for the same reasons discussed above,
although it was recognized that information from the program would aid in subse-
quent work on production NDI techniques., In this regard, the opportunity was taken
to include a preliminary evaluation of acoustic emission to determine if this
warranted subsequent work.,
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EXPERIMENTAL METHODS
2.1 DIFFUSION BONDING AND CSDB EQUIPMENT

Diffusion bonding by the continuous seam diffusion bonding (CSDB) process is an
isothermal metal working process developed by Solar. The process is covered by
U.S. Patent 3,644,698 and subsequent patents. The process features plastic deforma-
tion of metal parts under refractory metal rolls using electrical resistance heating.
The plastic deformation is used to generate a forged weld,

Materials such as titanium and superalloys are worked at temperatures ranging

from a low of approximately 1650° F for titanium alloys to as high as 2200° F for some
superalloys. The CSDB process involves the application of forces at controlled

rates to parts at controlled temperatures. Butt joints are made by clamping the
parts in the bonding aid with lateral force and applying vertical pressure by a
molybdenum alloy electrode wheel., The desired bonding temperature is attained by
passing controlled electric current from the wheel through the part into the tooling
and the time at temperature is controlled by the speed of the driven wheels.

Wheel forces range from a few hundred to six thousand pounds or more. Only that
portion of the panel under the roll at any instant is heated to the bonding temperature
and the time at peak temperature is typically one or two seconds.

Control of surface contours at the joint is achieved and results in joints with high
fatigue strength,

2.1,1 Panel Size

Selection of the size for the bonded panel was based on prior work accomplished on
flat panel butt bonding. The panels for this project were fabricated from two 2-inch
widths of material, 1/8 inch thick by 32 inches long. When bonded together these
make a 4 inch wide panel having a bonded area length of approximately 28 inches.
The quality of butt bonds is greatly improved by having the best fit-up possible on
the mating surfaces. This is most easily accomplished by machining the opposing
edges of each half,

Machining accomplishes a second purpose. The halves must be machined enough to
remove the rolled or radius edge left by the shearing operation.




2,1,2 Tooling

Tooling in the form of bonding aids is most important to the quality of the end product.
Bonding aids for the CSDB process are subjected to high-temperature, quite high
localized pressures and must maintain product alignment while in motion under a
bonding wheel. The bonding aid for this project was designed to handle the above
conditions, In addition, vacuum and inert gas bonding condition capabilities were
required in the design,

Bonding aids are designed to perform three main functions, Positioning of the parts
to be bonded in relation to the bonding wheel; positioning of the detail parts with

relation to each other; generating and maintaining containment side pressure,

Further discussion of the bonding aid is facilitated by a cross section illustration,
Figure 2,

Bonding Aid Materials

Several types of materials have been used for diffusion bonding tools and include
high-temperature resistant materials such as A-11 and the stainless steels; high-
strength materials such as 4130; and mild steel, both cold rolled and hot rolled.

In the larger bonding aids, base plates and support structure out of the heat zones
are made from aluminum tooling plate, The mandrel for the original spar fabrica-
tion project was built around a copper bar.

For the most part, the materials that have been most satisfactory are the
aluminum-mild steel combination. When using aluminum, it must be protected
from the bonding temperature, but equally important, the aluninum must not be
allowed to conduct the heat away from the bond area. Thermal insulation of the tool
is sometimes difficult because the fixture must remain electrically conductive,
Ceramics, ceramic coatings or plastic-glass cloth laminates usually cannot

be used.

There are occasions when it is necessary to create thermal barriers, at which time
the high nickel-high chromium stainless steels can be used, or machined clearance
may be required to create an air thermal barrier,

Butt Joint Bonding Aid Design

The design of the butt joint bonding aid differs from the bonding aid that will be used
for a spar. There are, however, many basic similarities required for both tools
and the design discussion will evolve around these physical characteristics,
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Figure 2. Bonding aid cross section.

Bonding Aid Base - The base of the butt joint tool is obviously unrelated to a spar
bonding aid because of end product configuration, The base is of mild steel and
quite heavy for maintaining position of the panel halves and strong enough to main-
tain lateral side pressure without distortion during the bonding operation,

In the center section of the base a slot is machined to accommodate the 1 inch square
backup bar, The slot is machined to allow only contact of a 1/8 inch land on the sides
and bottom, full length of the backup bar., The 1/8 inch land allows clearance
between the backup bar and the fixture base; this is an example of an air thermal
barrier. In this project fixture, the air thermal barrier was required because

total physical contact between the fixture base and backup bar (three sides) allowed a
heat loss so great that a satisfactory diffusion bond was difficult to achieve. A
metallic thermal barrier was also required on top of the 1 inch square backup bar;
this will be discussed in the backup bar section,

In the fixture bottom, two grooves were machined full length to accommodate copper
tubes for water cooling. In actual use, it was determined that these two tubes re-
moved too much heat; consequently, they were no longer used. Further discussion
of water cooling is covered in the section on tool temperature control.

The top of the base is also grooved for an O-ring, The O-ring was used when making
panels in vacuum or inert gas conditions. Grooves on the outside top of the base
accommodate lateral pressure bars,




Back-up Bar and Thermal Barriers - Back-up bar usage was created to serve two
purposes. The localized heating of the diffusion bonding process has, in the past,
warped the bonding aid base and resulted in the loss of the bonding aid after approxi -
mately six parts were bonded. A cold-rolled steel back-up bar was then installed as
a "throw-away' or consumable item for each bonding run, In this design concept,
the back-up bar alone absorbs the warpage and extends the fixture life indefinitely,

The second and equally important purpose of the back-up bar is to create a condition
to decrease thermal conductivity away from the bond area. The thermal barrier is
created because of the gap between the back-up bar and fixture base, In the case

of this project fixture, a gap of 0,032 inch, except at the 1/8 inch corner

contact areas, was required to provide an air thermal barrier, A second type of
thermal barrier, in the form of a low thermal conductive nickel-chromium alloy also
performs this function. Thin gages are used, 0,030 to 0.060 irch thick, of the same
width and length as the back-up bar and are reuseable. This type thermal barrier

is located between the inside thermal strip and back-up bar (see Figure 2). A 1 inch
square cross section back-up bar of mild steel was used for this project. This size
was chosen because the width was necessary to control heat zone in the panel and the
thickness could easily absorb the warpage.

Back-up bar length is important in that it should be at least 3 inches longer than the
bond area for bonds up to 3 feet in length, Lengths for spars should extend 6 to 9
inches beyond the bonded length. Extra length is required to control heat buildup at
the finish end of the bonding run. At the start of the bond, the backup bar should not
extend more than 1 inch outside the bond, Longer lengths absorb heat and keep the
joint area from attaining bonding temperatures as quickly as possible.

Thermal Strips - Thermal strips perform several functions. A better outer surface
results on the part, distributing the wheel load over a wider area., The heat affected
zone in the part is better controlled, heat is conducted through the whole width of the
thermal strip and tends to eliminate the surface hot zones. Thermal strips also
function as positioners of the titanium and molybdenum foils. Various thicknesses
and widths of thermal strips have been tested but the best results have come from
strips of cold-rolled steel, 1/8 inch thick by 1 inch wide. This size makes the
consumable strips easily obtainable and quite inexpensive,

Foils - Two kinds of foils are used on each side of the diffusion bonded joint,
Ti-6A1-4V foil, 1 inch wide and 0,004 to 0,006 inch thick, is used on each side of
the joint, and when bonded to the butt joint, gives considerable reinforcement,

The second foil, molybdenum, 0,003 inch thick by 1 inch wide, serves a twofold
purpose. One, as a parting agent and two, as a protector to prevent an iron-
titanium interaction. The interaction would result in a brittle iron-titanium eutectic
alloy.




Positioning of the foils must be maintained throughout the bonding run. This is quite
difficult because the part, the two foils and the thermal strip have different thermal
expansion rates, When the part length is relatively short, in the 2-foot range, the
foils can be resistance welded (spot tacked) to the thermal strips at the ends only.,

A different method is recommended for attaching foils to each of the top and bottom
thermal strips for parts longer than 2 feet. When using a 1-inch width thermal

strip, our experience on this program suggests that the foil width should be increased
from 1 inch to 1-1/4 inches, The foils would then be roll formed into a channel con-
figuration with 1/8 inch legs prior to assembly, This will create automatic foil
location, easily maintained in the bonding run, Attaching the foils to the bottom
thermal strip can be accomplished by the resistance welding method, Welding should
be done only on the 1/8 inch legs of the channels, and only enough welds to hold the
foils in place during handling should be used.

The top thermal strip is not contained as is the bottom thermal strip., During the
bonding process, elongation of the top strip occurs at a rate of 0. 5-inch per foot

(5 to 6 inches on a 10-foot spar length). Since the molybdenum and titanium foils
have much lower expansion rates than mild steel, they cannot be resistance welded
along the length of the thermal strip; however, it is permissible to resistance weld
at the start end. On this project, 1 inch wide foils were used and positioning was
maintained with spring tension,

Top Hold-Down Plate - Horizontal alignment is accomplished by applying enough
force on each panel member to overcome distortion and hold it firmly against the
foils and lower thermal strip. The hold-down plate for this project was a picture
frame configuration of mild steel; with a bonding wheel opening 2 inches wide. An
optimum distance from the bonding wheel must be maintained so that the hold-down
plate does not remove heat from the joint area but must be close enough to maintain
product alignment,

Bonding Aid Side Pressure Application - Applying and maintaining side pressure is
another essential function of a bonding aid. The parts to be bonded must have uniform
pressure applied over their lengths, Side pressure was created in the project fixture
by six 5/16 inch diameter cap screws on each side, transmitted by 2 inch wide
clamping fingers through continuous 1/8 x 3/4 inch wide strips to the full length of
each 1/2 by 1-1/2 inch pressure bars.

2,1,3 Cleaning Procedure

An adequate cleaning procedure is required for materials to be diffusion bonded, how=-
ever, special techniques are not required, The manufacturing process specification
for cleaning parts for fusion welding is satisfactory for CSDB,




Materials used in procedure:

. Solvent, Metriclene MF, or equivalent

. Solvent, ND-150 solution, or equivalent

. Alkaline cleaner, Oakite 77, or equivalent

. Acid, Nitric 42° Baume (Fed. Spec. O-A-88)

. Acid, Hydrofluoric, 70% (Fed. Spec. A-H-795)

. Water, demineralized (commercial grade)

Cleaning Method

1,

Solvent wash, using ND-150 solution of Metriclene M-4 as required to
remove all mill marks, inks and dyes., (Chrloinated solvents will not be
used on titanium parts,)

Immerse in the alkaline cleaner and allow te remain for a minimum of
5 minutes -

a, Solution - 6 to 10 ounces of Oakite 77 per gallon of water maintained
at 160-180° F.

b. Immersion rinse and repeat alkaline cleaner cycle until a "water
break free' surface condition is achieved,

Rinse - a thorough rinsing in water is required.

Immerse in nitric-hydrofluoric acid solution and hold as required to
loosen scale, oxides and discoloration,

a. Solution - 3 to 5 percent hydrofluoric acid by volume, plus 27 to
32 percent of nitric acid by volume in water maintained at a tempera-

ture of 130-140°F,

b. Immersion time limits vary with solution conditions, long durations
may be used as long as a detrimental etching is avoided.

Rinse - clear water

a, Air-water blasting may be used to remove scale, oxides and
discoloration,




6., Immerse in nitric acid solution, hold as required to loosen all smut and
oxide residues.

a, Solution - 40 to 50 percent solution of nitric acid by volume in water,
maintained at 140-180°F.

7. Immersion rinse in clean water and follow with air-water blasting to
remove all smut and other residues.

8. Rinse - demineralized water
9. Bake until dry - 250 + 50°F,
10, Package
a. Do not handle without clean white gloves.
b, Wrap in paper until used.
NOTE: Clean only that quantity of parts that can be bonded in a single shift,
2.1.4 General Bonding Procedure

Prebonding preparation must be performed on the machine, bonding wheel, bonding
aid and consumable details prior to loading the bonding aid.

The bonding wheel is checked for alignment with the machine table, establishing that
the wheel face is parallel with the table and that the plane of the wheel is at a right
angle to the table., The latter can be visually checked with a tool maker square when
the wheel is loaded at the pre-established bonding pressure,

Locating of the bonding aid is established with reference to the bonding table and the
bonding wheel, The centerline of the bonding aid and/or part joint shall be positioned
to be on the centerline of the thickness of the wheel. This is visually accomplished
with a "half wheel thickness pointer' while the fixture is traversed, start to finish,
with the wheel in the up position,

The bonding aid is cleaned prior to the start of each run by removal of dirt particles,
followed by wiping down with acetone and drying by a clean air blast, After each
cleaning the fixture should be recoated with spray graphite, NOTE: Before a new
bonding aid can be used for CSDB, it must be completely disassembled and vapor
degreased. Only a dry lubricant, such as spray graphite, can be used when
reassembling the fixture,




Consumable items are prepared using the following procedure:

. Metallic thermal barriers, if used, are cut to length, vapor degreased
and graphite coated

. Back-up bars (one required) are cut to length, vapor degreased and
graphite coated

. Thermal strips (two required) are cut to length and vapor degreased.
The bottom (inside) strip, is coated both sides with graphite; the top
strip is coated one side only with graphite

« Molybdenum foil is cut to length (two parts) and hand wiped with acetone;
it may be alkaline cleaned and vapor degreased

. Titanium foil is cut to length (two parts), These are cleaned using the
same process (and at the same time) as the parts to be bonded.

NOTE: Care should be taken with the cleaned and graphite coated parts
to avoid subsequent contamination. Parts should not be handled with bare
hands and should be protected (paper wrapped) until used,

Upon completion of the foregoing preparation, the titanium foil strips and the parts
to be bonded are cleaned (see cleaning procedure, Section 2,1,3). The foils can
then be attached to the thermal strips. NOTE: The top thermal strip will have foils
attached to the graphite coated side only.

Loading of the bonding aid is accomplished in the following sequence, which is
illustrated by photographs of selected operations:

1. Place back-up bar into slot, positioning the stainless steel thermal
barrier (not shown in the photograph) between the thermal strip and
back-up bar, shown in Figure 3.

2. Place two panel halves into fixture, positioning joint on the fixture
centerline, using side pressure clamp blocks to fingertight condition,
Figure 4 shows the parts in place preparatory to placement of the
holddown top plate.

3. The holddown top plate is placed into position and clamped firmly,
checking alignment of the two halves, Full side pressure can then be
applied and the top ther mal strip positioned, Figure 5.

4, Place fixture into bonding position and set wheel on thermal strip.

Attach foil spring load device and place thermal strip guide into position
at finish end (see Figure 6 and 7).
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Figure 3. Placement of back-up bar and thermal strip,

Figure 4, Placement of holddown plate.
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Figure 5, Positioning of thermal strip.

Figure 6, Attachment of spring load to foil strips.
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Figure 7. Completion of assembly for panel bonding in air.

Figure 8, Set-up for vacuum bonding,
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5. Bonding can then be accomplished after parameter settings are made on
machine,

Figure 8 is presented to illustrate the external setup for bonding in vacuum
conditions,

2.1.5 Heat Treatment

All test panels fabricated for this project were given a post-bond heat treatment.
The purpose was to provide a near room-temperature equilibrium structure and
to ensure panel flatness.

The heat treatment used was 1350° F + 25° F, at temperature for 1 hour, in a
vacuum furnace. Flatness was attained by a welded package of six bonded panels,
interleafed and contained with 1/4 x 4 inch length CRS steel bar stock.

2.2 EVALUATION OF BONDED PANELS

The panels were subjected to various forms of mechanical and nondestructive testing
and the joint regions were examined metallographically, Each of the evaluation
techniques will be discussed separately.

2.2.1 Bend Tests

A schematic of the bend test fixture is shown in Figure 9, The 1,25 inch diameter
punch subjects the specimen to a bend radius of 5 times the specimen thickness,
which is approximately 9,25% outer fiber tensile strain, Specimens were 0.5-inch
wide and tests were performed in both the ""top-up' and "'top-down'" position. Top-up
refers to positioning the specimen in the bend fixture so that the surface nearest the
bonding wheel is on top and maximum outer fiber tensile strain occurs on the joint
surface farthest from the bonding wheel, '"Top~-down' tests produce maximum

outer fiber tensile strain on the joint surface nearest the bonding wheel. Testing in
both positions provides a measure of joint quality through the thickness of the
specimen,

The 5T bend tests were performed on all sections of panels containing variables
and also on the ''run-on' and "'run-off'' portions.

2.2.2 Tensile Tests

Tensile tests were performed using an Instron testing machine, Ultimate tensile
strength, 0.2% offset yield strength, and 1 inch and 2 inch elongation were deter-
mined. Specimen configuration was chosen to simulate a service condition. The
specimens were 0.5-inch wide with parallel sides. Specimen configuration is shown
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Figure 9., Schematic of bend test fixture.

in Figure 10, The 0,005 inch thick titanium foils on both sides of the joint were
partially removed, by grinding, to simulate the condition of a finished spar,
However, the joint area was still slightly thicker than the rest of the specimen,
When failure occurred outside the joint area, the maximum stress on the joint was
determined., One inch elongation provided a measure of ductility in the joint region
and 2 inch elongation relates to ductility in the overall part,

2,2.3 Fatigue Tests

Resonant fatigue tests were performed on selected panels, The specimens were
fabricated with a reduced cross section to induce failure at the joint, Specimen
configuration is shown in Figure 11, Overall width is 0,5 inch and the reduced
cross section is 0,25 inch, The specimens were rigidly mounted in a support block
as a simple cantilever beam and vibrated at their resonant frequency by means of a
Calidyne 1500 pound-force electro-dynamic shaker system. Specimen tip deflection
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Figure 10, Configuration of tensile test specimen,

Figure 11. Configuration of resonant fatigue specimen,

was measured and controlled at 0,100 inch throughout the test, This deflection
corresponds to 0, 5% strain peak to peak and was chosen to produce failure in 104
to 107 cycles, The test setup with a fatigue test in progress is shown in Figure 12,

In addition to the bonded panels, a ''standard' was also tested, The standard material
referred to as CSDB processed, consisted of a panel which had been subjected to the
standard diffusion bonding parameters plus post bond heat treatment, but did not
contain a joint, i,e., instead of the normal 2 inch strips, a single 4 inch strip was
used, This was done to insure that the standard specimens had the same processing
and configuration as the specimens containing a joint,
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Figure 12. Resonant fatigue test apparatus.
2,2,4 Metallographic Examination

All of the panels were examined metallographically, Specimens were prepared using
an etch-polish technique with Krolls etchant (2% HF, 3% HNOg, 95% HpO). Specimens
were subsequently etched for up to 2 minutes with Krolls etchant, This is considered
a very heavy etch for titanium alloys. However, generally the bond line was not
apparent with this heavy etch, and an even stronger etch was required to locate the
bond line, The composition of the stronger etchant, called CSDB etch, is 40% HNOg,
10% HF and 50% H20.

Figure 13 shows examples of the microstructure revealed with the two etchants, In
both cases, severe overetching was necessary to reveal the bond line, The bond
line is apparent only because the indications are lined up. As can be seen in
Figure 13, other areas in the general microstructure are more severely etched,




Etchant: 1 min Kroll's

Bond Line

Etchant: 2 min Kroll's
+ 4 sec CSDB.

Magnification: 200X

Figure 13, Example of etched microstructure of CSDB joints (note severe etching
required to reveal bond line), Magnification: 200X
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2,2,5 Nondestructive Testing

Various methods of nondestructive testing were used to examine the bonded panels,
The specific techniques were x-radiography, dye penetrant inspection and ultrasonic
inspection, In addition, the use of acoustic emission as a method of nondestructive
testing for the bonded panels was evaluated,

X-radiography

The Radiographic Inspection was performed to MIL-STD-453 specification and to 1%
sensitivity (approximately 0,001 inch in sheet thickness),

Dye Penetrant

Inspection performed per MIL-I-6866.,
Ultrasonic

Inspection performed by International Harvester Manufacturing Services, The bonded
panels were inspected using a 5 mhz immersion transducer at a 30° angle. The
calibration procedure consisted of using a No. 1 flat bottom hole (0. 0156 inch
diameter) located 2 inches from the transducer and adjusting the height of the reflec-
tion from the No. 1 hole for a Category 16 on the computer readout.

Category 16 is the maximum indication size, A measure of the lower category sizes
was obtained from a double bonded calibration plate supplied by Army Materials and
Mechanics Research Center, Watertown, Massachusetts, Holes of specific sizes
were <ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>